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Abstract 
This literature review examines calculators in the primary school classroom in light of their recent 
prohibition for younger children in England.
1
 Contrary
 
to political fears about calculators being 
harmful, the existing literature indicates that calculators have many benefits: they can develop 
conceptual understanding, support and improve mental and written methods, be a stimulus for 
dialogic talk, provide instant feedback and help to develop key mathematical ideas such as ͚Ŷuŵďeƌ 
seŶse͛. The ingrained nature of teacher attitudes, in particular relation to what skills they believe an 
effective mathematician requires, is explored and a link made between such attitudes and the 
potential use of calculators. Greater clarity is needed regarding what fundamental mathematical 
understanding actually entails and a long-term strategy needs to be in place in order for pre-service 
teaĐheƌs͛ uŶdeƌlǇiŶg ďeliefs to change.  
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Introduction 
The role of calculators has been the source of much debate since their introduction to classrooms in 
the 1970s. This debate is not confined to the UK; there is a wealth of international research 
regarding their use (Stacey and Groves, 1994; Banks, 2011; Bouck et al., 2013). This literature review 
will highlight an apparently increasing dichotomy between empirical research and the status of 
calculators in the National Curriculum (Richardson, 2014). 
 
In 1987, a working group was formed by the Government in order to make recommendations 
regarding the content of the new curriculum. One recommendation was to exclude attainment 
targets for written methods for division and multiplication (National Curriculum Mathematics 
Working Group, cited in Ruthven, 1998). However, Spooner (1996:42) notes that the Secretary of 
State made ͚sigŶifiĐaŶt depaƌtuƌes fƌoŵ the ĐuƌƌiĐuluŵ eŶǀisaged ďǇ the ǁoƌkiŶg gƌoup͛. These 
iŶĐluded aleƌtiŶg teaĐheƌs to the ͚ƌisks͛ posed ďǇ ĐalĐulatoƌs aŶd giǀiŶg gƌeateƌ eŵphasis to written 
methods of calculations. A year later, the Secretary of State for the new Labour government 
explained that children should be encouraged to calculate mentally as opposed to via a calculator.  
 
According to research in the classroom, calculators have been found to actually help develop 
conceptual understanding (Forrester, 2003; Ruthven, 2009). However, a common perception is that 
the use of calĐulatoƌs is aĐtuallǇ at odds ǁith the aĐƋuisitioŶ of ͞keǇ͟ ŵathematical skills (Norton, et 
al., 2000; Sweeney, 2004). Bright, et al. (1992) suggest that the manner in which calculators are used 
                                                          
1
  ͚CalĐulatoƌ aǁaƌe͛ is iŶ ƌefeƌeŶĐe to the CalĐulatoƌ Aǁaƌe Nuŵďeƌ project (Shuard, et al., 1991): ͚CalĐulatoƌ 
ďeǁaƌe͛ ƌefeƌeŶĐes ‘uthǀeŶ ;ϭϵϵϴ:Ϯϯ). 
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in everyday situations is different to how they are used in the classroom and that this might 
contribute to these perceptions. 
 
This blurring of the boundaries between rhetoric and research has been brought more sharply into 
focus with the introduction of the new National Curriculum in England (2013:3-4), which contains 
significant implications for the use of calculators in primary schools.  
 
Calculators should not be used as a substitute for good written and mental arithmetic. They 
should therefore only be introduced near the end of key  stage Ϯ to suppoƌt pupils͛ 
conceptual understanding and exploration of more  complex number problems, if written 
and mental arithmetic are secure. 
 
In December 2012, perhaps reflecting these changes, the UK coalition government banned the use 
of calculators in maths tests for 11-year-olds (DfE, 2012). Via a Department of Education and Skills 
(DfE) press release, Elizabeth Truss (former Education and Childcare Minister) warned that children 
were using calculators ͚too ŵuĐh, too sooŶ͛ ;DfE, ϮϬϭϮ:1) and thus they ǁeƌe, ͚Ŷot gettiŶg the 
ƌigoƌous gƌouŶdiŶg iŶ ŵeŶtal aŶd ǁƌitteŶ aƌithŵetiĐ theǇ Ŷeeded to pƌogƌess͛ ;ibid.), indicating that 
the ͚ǁaƌiŶess of ĐalĐulatoƌs͛ highlighted ďǇ ‘uthǀeŶ ;ϭϵϵϴ:Ϯ3) is still prevalent in the English 
education system. 
 
Massachusetts and Hong Kong were cited as examples of successful curricula that do not over-rely 
on calculators (DfE, 2012:1). However, according to the TIMMS 2007 (no comparative data from the 
2011 study is available), the use of calculators by fourth grade students from Hong Kong is actually 
increasing. The Massachusetts Curriculum (Massachusetts Department of Elementary and Secondary 
Education, 2011:10) states that calculators can ĐoŶtƌiďute to a, ͚ƌiĐh leaƌŶiŶg eŶǀiƌoŶŵeŶt͛.  
 
The Review Process 
A literature search was undertaken using a UŶiǀeƌsitǇ͛s electronic catalogue using the search terms 
͚ĐalĐulatoƌs͛ aŶd ͚matheŵatiĐs͛. Though the focus was on priŵaƌǇ sĐhools, the ƌeasoŶ that ͚pƌiŵaƌǇ͛ 
was not included in the literature search was that this might have excluded a number of US studies.  
  
Further criteria for filtering documents included: 
 
1. Studies written in English. 
2. Studies undertaken after 1986. 
3. “tudies fƌoŵ the disĐipliŶe of ͞eduĐatioŶ͟ aŶd ͞ŵatheŵatiĐs͟. 
 
Criterion two was created so that the literature could be reviewed in the light of the creation of the 
National Curriculum in England. Criterion three was to help narrow the search and ensure that 
irrelevant publications were ignored. Using the above criteria, 511 articles were identified. These 
abstracts were then scrutinised with the most relevant to ITE included in the final review. 
 
An initial review of the research indicated that there were a number of documents that had been 
cited across multiple texts that were not identified by the initial search. Thus a snowballing method 
of research was employed to ensure that these texts formed part of the final review. The objective 
was to conduct a descriptive review in order to ascertain the key themes with regard to calculators 
and the associated implications for ITE. 
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Findings of the Review 
Teacher Education 
The role of Teacher Education for pre-service and in-service teachers is an ongoing topic of  
discussion. Existing philosophies of teaching have a significant impact on whether calculators are 
used and there is much debate over how and to what extent training can alter such beliefs. 
 
Many studies have been undertaken into whether training can have an impact on the use of 
ĐalĐulatoƌs iŶ the Đlassƌooŵ. IŶ Lauŵakis aŶd HeƌŵaŶ͛s ;ϮϬϬϳͿ studǇ, ϭϳ Floƌida teaĐheƌs ǁeƌe giǀeŶ 
in-service training regarding graphing calculators. The researchers found significant increases in the 
Florida Comprehensive Assessment Test (FCAT) scores amongst the 360 students who were taught 
by teachers who had received the training, compared to the 209 who were not. Interestingly, the 
graphing calculator is not permitted on the FCAT (though a basic calculator is), yet gains were still 
made, perhaps due to the improvements in conceptual understanding initiated by the use of 
graphing calculators (Ellington, 2003). Bitter and Hatfield (1992) and Burke (2001) also point to 
teacher training as being key. Sweeney (2004:205) advocates teacher workshops as ďeiŶg the, ͚ďest 
ǁaǇ to leaƌŶ͛, though does Ŷot ƌefeƌ to pƌiŵaƌǇ ƌeseaƌĐh eǀideŶĐe that suppoƌts this Đlaiŵ. 
 
When reviewing the Calculators in Primary Maths (CPM) project, an Australian longitudinal study 
involving over 1000 Kindergarten and Year 1 children, Stacey and Groves (1994) found that teachers͛ 
attitudes towards calculators were broadly positive yet they were rarely used in practice. Walen, et 
al. (2003) found that pre-service teachers would readily engage with calculators in order to solve a 
problem presented to them; however, they were reticent to use it as a teaching tool, seeing it more 
as a doing tool. The authors explain this dichotomy by suggesting that teachers saw their own task as 
diffeƌeŶt to the pupils͛ task, thus the ĐalĐulatoƌ ǁas useful iŶ oŶe ĐoŶteǆt ďut Ŷot so iŶ aŶotheƌ.   
 
The existence of a teaĐheƌ͛s uŶdeƌlǇiŶg ďeliefs is thought to have an impact on their propensity to 
use calculators to teach (Stigler and Hiebert, 1999; Johnson, 2008). In a study of 210 American pre-
service teachers, Johnson (2008) found that 49% linked their current views about calculators to their 
own mathematics education. In a two-year study, Struyk and Cangelosi (1993) found that three one-
daǇ ǁoƌkshops had Ŷo iŵpaĐt oŶ teaĐheƌs͛ pƌopeŶsitǇ to use ĐalĐulatoƌs, perhaps as a result of their 
underlying beliefs. 
 
Tharp, et al. (1997) found that five monthly, three-hour training sessions, coupled with teachers 
keepiŶg ƌefleĐtiǀe jouƌŶals, had soŵe iŵpaĐt oŶ teaĐheƌs͛ ǀieǁs oŶ ĐalĐulatoƌs. Hoǁeǀeƌ, this iŵpaĐt 
was mainly on teachers who viewed mathematics as an opportunity to solve problems and make 
generalisations; those who conceived mathematics as a rule-based subject were much less likely to 
incorporate calculators into their practice. Tharp, et al. (ibid: 559Ϳ speĐulated that ͚it ǁas easieƌ foƌ 
these teachers to try a new teaching tool than it was for them to change their conceptualization of 
the nature of ŵatheŵatiĐs.͛ 
 
Shuard, et al. (1991) found that, initially, the teachers involved in the Calculator Aware Number 
Project (CAN), a project that ran from 1986 to 1992 and involved 15 primary schools based in 
England and Wales, found it diffiĐult to ͞iŶǀeŶt͟ a new curriculum (Shuard, et al., 1991). However, as 
the project progressed, both researchers and teachers recognised that teachers were listening more 
ĐaƌefullǇ to ĐhildƌeŶ͛s conversations and using this information to help them not only develop new 
activities but to develop new philosophies of mathematics teaching (Ruthven, et al., 1997). Similarly, 
in a case study, Hodgen and Askew (2007) ideŶtified shifts iŶ a teaĐheƌ͛s ŵatheŵatiĐal thiŶkiŶg as a 
result of 20 days of professional development over a three-year period. In common is the longevity 
of these two schemes, which could explain why the findings were different to those of Tharp, et al. 
(1997). 
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However, many believe the relationship between teacher training and improved teacher 
performance to be less than straightforward. Zhao and Frank (2003:832) are more sceptical about 
the impact of in-service teacher training. Theiƌ ǀieǁ is that teaĐheƌs aƌe ͚soĐialised͛ ďǇ otheƌ 
Đolleagues iŶto usiŶg Ŷeǁ teĐhŶologǇ ďut that suĐh a pƌoĐess is a ͚douďle-edged sǁoƌd͛ iŶ ƌespeĐt of 
the fact that colleagues can be supportive of the implementation of new technologies; however, 
eƋuallǇ, theǇ Đould ďe oďstƌuĐtiǀe of it. It has ďeeŶ felt that teaĐheƌs͛ uŶdeƌlǇiŶg philosophies 
(Simmt, 1997; Tharp, et al. 1997) have a far more profound impact on teaching than teacher 
training. Stigler and Hiebert (1999) suggested that philosophies are particularly rigid in teaching due 
to the complexity of the teaching system and there are suggestions that these issues are amplified in 
the subject of mathematics (Hodgen and Askew, 1997). 
 
Kagan (1992) recognised that teacher beliefs are, in the main, tacit, and that teachers rely on their 
own accumulated experience, rather than consulting empirical research. Kagan (ibid: 76) also notes 
that, eǀeŶ duƌiŶg teaĐheƌ tƌaiŶiŶg, ͚peƌsoŶal ďeliefs aƌe ƌesistaŶt to ĐhaŶge.͛ JohŶsoŶ ;ϮϬϬϴͿ fouŶd 
that oppoƌtuŶities foƌ disĐussioŶ ǁeƌe of gƌeat iŵpoƌtaŶĐe iŶ alteƌiŶg paƌtiĐipaŶts͛ ďeliefs, eǀen for 
those who were part of a control group and therefore not involved in the teacher-led intervention. 
The belief that teachers are more greatly influenced by their teaching practice colleagues than 
University tutors (Kagan, 1992) could have implications for ITE training, although this does contrast 
with the findings of Laumakis and Herman (2007). 
 
After interviewing 8 Australian education graduates, Frid and Sparrow (2009:50) claimed that it was 
possible to ͚ďƌeak the ĐǇĐle of tƌaditioŶ͛, statiŶg that the ĐoŶstƌuĐtioŶ of UŶiǀeƌsitǇ poƌtfolios ǁas 
key to this end. The graduates cited the importance of their lecturers (which included Frid and 
Sparrow themselves) in developing effective mathematics pedagogy, which contrasts with the views 
of Kagan (1992).  
 
Given the above, it seems that a longer-term view is requiƌed if teaĐheƌs͛ philosophies aƌe to ďe 
changed (though Laumakis and Herman (2007) found that there were gains for trainees after in-
service training, it is not known whether these gains were experienced by subsequent cohorts). 
There might be a greater possibility of such beliefs being altered during ITE before teaching 
experience is accumulated (Kagan, 1992), although because such beliefs are already in place, this is 
unlikely to be a straightforward process (Johnson, 2008).  
 
Such a process would most likely involve discussion and collaboration, which has been a feature of 
successful studies (Shuard, et al., 1991; Johnson, 2008). Trainee teachers must be given 
opportunities over an extended period of time to discuss and reflect on calculator activities that can 
ďe used to iŶĐƌease pupils͛ ŵatheŵatiĐal uŶdeƌstaŶdiŶg. However, there is evidence to suggest that 
ďoth teaĐheƌs͛ eǆistiŶg ŵatheŵatiĐal ďeliefs ;Thaƌp, et al., 1997) and the relationships between 
participants will have an impact on what is gleaned from the discussions, although there are 
ĐoŶtƌastiŶg ǀieǁs ƌegaƌdiŶg ǁho shapes tƌaiŶee teaĐheƌs͛ ďeliefs aŶd to ǁhat extent (Kagan, 1992; 
Frid and Sparrow, 2009).  
 
Conceptual Understanding 
According to international studies, English pupils͛ aďility to apply and reason is declining (Askew, et 
al., 2010). This is highly significant because conceptual understanding is identified in the three 
overarching aims of the National Curriculum (2013) and many studies have recognised that 
calculators can help to develop it. However, the way in which calculators are used in practice often 
prohibits their effectiveness.  
 
BOORMAN: SHOULD P‘IMA‘Y SCHOOL CHILD‘EN BE ͚CALCULATO‘ AWA‘E͛ O‘ ͚CALCULATO‘ 
BEWA‘E͛? 
 
 
 
78 
 
Smith (1997, cited in Polly, 2008) recognised that calculators improved conceptual understanding, 
similar to Borba and Selva (2005, cited in Borba and Selva, 2013) who theorised that different 
representations were helpful, the calculator being one such example. Sparrow and Swan (2005) 
draw an analogy with the use of Base-ten materials in schools to explain that calculators help pupils 
understand mathematics in the same way as a resource or manipulative might. The importance of 
mathematical resources in developing understanding has been noted by many (Bottle, 2005; Drews, 
2007; National Curriculum, 2013). 
 
These theoƌies aƌe uŶdeƌpiŶŶed ďǇ BƌuŶeƌ͛s ;ϭϵϲϭͿ ŶotioŶ of ͚disĐoǀeƌǇ leaƌŶiŶg͛, ǁhiĐh adǀoĐates 
the use of concrete and iconic representations to aid abstract understanding. Importantly, Bruner 
(ibid.Ϳ theoƌised that ĐhildƌeŶ ͞tƌaŶslated͟ between different stages of cognitive development, which 
is iŶ oppositioŶ to the feaƌs that ĐalĐulatoƌs ŵight ďe iŶtƌoduĐed ͞too eaƌlǇ͟ as ŵeŶtioŶed aďoǀe. 
Heid (1997) suggests that calculators can actually be used to create initial conceptual understanding 
aŶd that this ĐaŶ lateƌ ďeŶefit pupils͛ aďstƌaĐt uŶdeƌstaŶdiŶg. Foƌ eǆaŵple, ǁith ƌegaƌd to ǁoƌd 
problems, pupils need to explicitly understand which operation is required in order to program a 
calculator accurately; in contrast to mental calculation where answers can be calculated without 
such explicit knowledge (Ruthven, 1992; Stacey and Groves, 1994). Duffin (1997) noted that it would 
be very difficult to solve a complex word problem without knowing which key to press. 
 
The potential use of calculators across multiple areas of the curriculum is significant because they 
can therefore be used more frequently; this is seen as an important consideration because pupils 
will increase their understanding of their underlying structures (Forrester, 2003; Wittman, cited in 
Delaney, 2001a). In addition, this will support children in making connections between different 
curriculum areas; connections such as this are believed to be highly significant in terms of successful 
mathematics teaching (Delaney, 2001b; Askew, 2010).  
 
Another reason given for calculators improving conceptual understanding is that they reduce time 
spent on computation, thus freeing up more time to develop knowledge of deeper mathematical 
concepts (Forrester 2003; Polly, 2008; Har, 2010). For example, algebraic functions can be displayed 
on graphing calculators and, critically, the outcome of changing a variable is quickly known 
(Forrester, 2003; Margaritis, 2003). This means that more time can be spent on developing higher-
order thinking skills as less time will be devoted to copying out such graphs by hand (Polly, 2008).   
 
Despite this, researchers have often found that calculators are mainly used for computation and the 
checking of calculations (Burke, 2001, Adabor, 2008). Ofsted (1993:11) remarked that calculators 
ǁeƌe ͚ŶegleĐted͛, this iŶ ƌefeƌeŶĐe to a pƌeǀious ĐuƌƌiĐuluŵ that ǁas more encouraging towards 
calculators. Initially, Shuard, et al. (1991) found that calculators were predominantly used for 
checking; however, as the project continued, teachers were increasingly seeing them as a tool that 
could be used to investigate mathematical concepts and ideas.  
 
There is strong evidence to suggest that calculators can play a role in developing conceptual 
understanding and making connections (Duffin, 1997; Heid, 1997; Polly, 2008) but the prohibition of 
calculators for children of Year 4 and younger may make it harder for trainee teachers to see the 
benefits of them, particularly, as discussed earlier, if they see the calculator as a doing tool rather 
than as a teaching tool (Walen, et al., 2003) and thus mainly use them for computation and checking  
(Burke, 2001; Adabor, 2008). 
 
Mental and Written Calculation 
Within the DfE press release referred to earlier, it was stated that: ͚a Đleaƌ sigŶal is being given to 
increase the focus on ensuring every child can perform the relevant written methods for the core 
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Ŷuŵďeƌ opeƌatioŶs͛ ;DfE, 2012:1). Part of the rationale for delaying the introduction of calculators 
ǁas to eŶsuƌe that pupils ǁeƌe, ͚seĐuƌe in written and mental arithŵetiĐ͛ ďefoƌe usiŶg theŵ (DfE, 
2012:1). However, contrary to this belief, much evidence exists to suggest that calculators are 
actually quite supportive of ĐhildƌeŶ͛s mental and written strategies.  
 
When written methods have been taught alongside calculators, calculators have been found to not 
adversely affect their acquisition. Close, et al. (2012) found there was no correlation between 
calculator usage and performance in either the PISA or TIMMS tests during the 21
st
 century. In a 
meta-analysis of 58 studies, Ellington (2003) found that written calculation skills were actually 
enhanced when calculators were used for testing purposes, although this could potentially be an 
example of teachers teaching to the test. Other authors have found that testing can have a 
significant impact on teaching content (Willoughby and Weinberg, 1991; Li and Ma, 2011). Ruthven 
(1998) found that there were significant changes in teaching approaches in CAN-schools after the 
introduction of SATs.   
 
Shuard, et al. (1991) found that the CAN project children were actually more likely to use mental 
methods to solve problems, seeing it as a challenge. Ruthven (1998:40) suggested that this might 
occur because they had explicitly been taught mental methods whereas non-CAN children saw 
͚mental calculation as something to be done quiĐklǇ oƌ aďaŶdoŶed͛; this also led to aŶ iŵpƌoǀed 
attitude (Ruthven, et al., 1997). The researchers involved in the CPM project made similar findings; 
children familiar with calculators were better at mental computation (Stacey and Groves, 1994).  
The implications of this are to emphasise to trainees that when calculators are used the intention is 
not to replace mental and written methods, something that tends to be a concern (DfE, 2012). To do 
so it is essential that trainees undertake activities involving calculators, perhaps similar to those that 
were used successfully on the CAN project which highlight how calculators can be used to develop 
key mathematical skills. 
 
The ͚fuŶdaŵeŶtals͛ of mathematics 
Another key theme in the literature is the impact that calculators have on the fundamentals of 
mathematics. Again, there appears to be a contrast between the views of the government and 
research. However, arguably of greater importance is what knowledge is actually ͞fuŶdaŵeŶtal͟ to 
mathematical understanding. A longitudinal study conducted by Nunes, et al. (2009) suggests that 
the ability to reason mathematically has the greatest impact on mathematical achievement.  
According to the first aim of the National Curriculum (2013:3), the rationale for children becoming, 
͚flueŶt iŶ the fuŶdaŵeŶtals of ŵatheŵatiĐs,͛ is to, ͚deǀelop ĐoŶĐeptual uŶdeƌstaŶdiŶg aŶd the aďilitǇ 
to ƌeĐall aŶd applǇ kŶoǁledge ƌapidlǇ aŶd aĐĐuƌatelǇ.͛ However, the DfE (2012:1) states that ͚ǁe 
ŵust get the oƌdeƌ ƌight͛. These ǀieǁs seeŵ alŵost PiagetiaŶ iŶ that a Đhild ŵust ͞Đoŵplete͟ one 
stage before moving onto another. 
 
Indeed, a common theme amongst teachers is that calculators should only be used after 
understanding of concepts and skills have been established. In his study of 160 Ghanaian teachers, 
Adabor (2008) found that 80% of them held this view.  Groves and Stacey (1998:123) recognised that 
the teachers who were less comfortable with calculators were concerned about pupils encountering 
ĐeƌtaiŶ ĐoŶĐepts ͚ďefoƌe theǇ aƌe ƌeadǇ.͛ IŶ theiƌ iŶterviews with Australian High-School teachers, 
Norton, et al. (2000:104) recognised that some believed the use of technology could inhibit the 
aĐƋuisitioŶ of ͚ďasiĐ skills aŶd pƌoĐeduƌes.͛  
 
However, it is open to interpƌetatioŶ ǁhat the ͚fuŶdaŵeŶtals͛ actually are. Sweeney (2004) found 
that the overriding negative concern about calculators amongst parents (32 of the 34 questioned) 
was that ĐhildƌeŶ ǁould Ŷot leaƌŶ ͚the ďasiĐs͛. Some parents referred to the four operations, though 
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many others were non-specific about what constituted ͞the ďasiĐs͟. The DfE (2012) refer to times 
tables and written methods for the four operations as constituting ͚the basics͛. However, many 
theoƌists ǀieǁ ͚Ŷuŵďeƌ seŶse͛ as being key to mathematical understanding (Groves, 1994; Hedren, 
1999; Forrester, 2003); indeed, Groves and Stacey (1998:ϭϮϬͿ feel theƌe is, ͚Ŷo Ŷeed to deďate͛ its 
importance; all of the authors cited above feel that calculators can help foster it. “iŵilaƌ to ͚the 
ďasiĐs͛ there does not appear to be a universal defiŶitioŶ of ͚Ŷuŵďeƌ seŶse͛. Sengul (2013), based on 
a review of number sense literature, explains that it incorporates: an understanding of the size of 
numbers, an understanding of the meaning of operations, an understanding of equivalence, flexible 
calculation strategies and measurement benchmarks. 
 
With ƌefeƌeŶĐe to the ͚size of numbers͛ mentioned above, one of the most significant gains from 
using calculators could ďe ĐhildƌeŶ͛s aĐĐess to laƌge Ŷuŵďeƌs. “huaƌd, et al. (1991) provide examples 
of nine-year-old pupils confidently discussing numbers beyond one million and explain that access to 
such numbers using alternative resources, e.g. cubes, would be impractical, if not impossible. Both 
Shuard, et al. (ibid.) and Duffin (1997) explain how the constant function can be used to investigate 
larger numbers and that this can lead to conjecture and generalisations about the number system, 
an aim explicitly outlined within the new National Curriculum (2013). Groves and Stacey (1998) 
made similar findings, adding that Kindergarten children could gain an understanding of negative 
and decimal numbers too.  
 
Trainees should be given opportunities to engage with activities that help them to appreciate the 
contribution that calculators can make to developing number sense. Comparisons with other 
mathematical resources are important to help reposition the calculator as a tool to support learning, 
rather than a tool to replace it. However, there are disagreements ƌegaƌdiŶg ǁhat ͞the 
fuŶdaŵeŶtals͟ of ŵatheŵatiĐs aĐtuallǇ aƌe. Without a consensus, it is harder for ITE (Initial Teacher 
Education) providers to crystallise to trainees what is at the core of mathematical understanding and 
thus the potential role of the calculator in facilitating it. 
 
Talk and Feedback 
Mathematical resources are known to be a stimulus for talk (Bottle, 2005) and research suggests 
that calculators are no different; indeed, their unique ability to issue feedback may have additional 
benefits in terms of talk. Their potential role in formalising informal thinking may enable 
mathematical connections to be made, the importance of which has been noted earlier. 
Calculators issue immediate feedback, which is helpful in allowing children to explore mathematical 
ideas independently, which, in turn, may help to build resilience (Margaritis, 2003). Familiarity with 
calculators has been found to lead to improved attitudes towards them (Close, et al., 2012) but also 
towards mathematics as a whole (Brown, et al., 2007). Forrester (2003:9) makes the link explicit: 
͚Theƌe is Ŷo Ŷeed to ǁait foƌ the teaĐheƌ to Đoŵe aloŶg ǁith a ƌed peŶ … This tǇpe of aĐtiǀitǇ helps 
to ďuild ĐoŶfideŶĐe as ŵistakes ĐaŶ ďe ŵade iŶ pƌiǀate aŶd ĐoƌƌeĐted.͛  
 
McNamara (1995) researched the effectiveness of calculators in helping pupils to learn 
multiplication facts. She refers to the benefits of the immediate feedback that calculators can 
provide but remarks that this may lead to children failing to undertake self-correction. However, 
many would argue that children are actually more likely to correct their work independently if the 
feedback from the calculator indicates that they need to (Shuard, et al., 1991; Forrester, 2003; 
Margaritis, 2003).  
 
Heid (1997) suggests that technology can help externalise representations that had previously been 
internalised, enabling dialogic talk (Harre, cited in Ernest, 1998). This can help pupils to overcome 
the ͚ŵisŵatĐh ďetǁeeŶ the iŶfoƌŵal ĐoŶĐepts of studeŶts aŶd the foƌŵal ͚laŶguage of the 
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ĐalĐulatoƌ.͛ ;‘uthǀeŶ, ϭϵϵϮ:ϵϰͿ. Ernest (1998) adds that writing and recording can extend what has 
been orally communicated, supporting the view that recording calculations is important when using 
a calculator (Ruthven, 1998). Duffin (1997:137) views the calculator as a ͚ďƌidge͛ that ĐaŶ link mental 
calculation to written recording.  
 
Graphing calculators are able to record multi-step calculations which may make them an even better 
stimulus for discussion and dialogic talk than simple calculators (Harre, cited in Ernest, 1998). This 
might also help to allay the fear that calculators could inhibit self-correction (McNamara, 1995). 
The existence of dialogic talk can help to address what some term cognitive conflict (Sparrow and 
Swan, 2005). McNamara (199ϱ:ϯϬϴͿ ƌeĐogŶised that, ͚If theǇ [ĐhildƌeŶ] geŶeƌate iŶĐoƌƌeĐt aŶsǁeƌs, 
these aŶsǁeƌs eǆist at soŵe stƌeŶgth aŶd Đoŵpete ǁith the ĐoƌƌeĐt aŶsǁeƌ.͛ This eŵphasises the 
iŵpoƌtaŶĐe of a teaĐheƌ͛s ƌole iŶ guidiŶg gƌoup disĐussioŶ to help ĐhildƌeŶ deǀelop reasoning skills 
(Thompson, 1997). As mentioned earlier, the ability to reason is thought to be a key indicator of 
mathematical success (Nunes, et al., 2009).  
 
Training teachers how to use graphing calculators is recommended as, if they can be used in areas 
such as Geometry and Statistics, this will increase pupils͛ familiarity with them; the benefits of which 
were discussed earlier. For example, LOGO could be used to help children reconceptualise geometric 
ideas, thereby helping them to improve their level of geometric thinking (van Hiele, 1986; Karakirik 
and Durmus, 2005). A calculator is by no means the only vehicle via which geometric thinking can be 
explored but the instant feedback, coupled with the ability to change variables quickly, make it a 
very efficient resource for doing so.  
 
Conclusion 
With regard to calculators in ITE, collaboration is seen to have a key role. It has been suggested that 
the complex nature of the teaching system (Stigler and Hiebert, 1999) makes fundamental change 
very difficult, which might explain why short-term training programmes have been found to have 
little impact (Struyk and Cangelosi, 1993; Simmt, 1997). However, as identified by Frid and Sparrow 
(2009), it does seem possible that the philosophies of pre-service teachers can be changed. Lesson 
Study could be one such vehicle because it involves collaboration and is known to engender changes 
in philosophical beliefs about how children learn (Lewis, 2002). There is a growing interest in Lesson 
Study in the UK for pre-service teachers (Cajkler, et al., 2013; Cajkler, et al., 2014) but findings 
indicate that although this has been successful in terms of changing pedagogy, there is less evidence 
that it has led to changes in teaching philosophy. This may be due to Lesson Study being 
implemented differently in the UK (Cajkler, et al., 2013). 
 
Underlying philosophies are critical for calculators because there is evidence to suggest that those 
who view mathematics as rule-based are less likely to integrate calculators into their classroom 
practice and, conversely, those who view mathematical enquiry as a key part of learning are more 
likely to advocate the use of calculators (Simmt, 1997; Tharp, et al., 1997). It follows that the views 
of ITE tutors and lecturers will have a significant impact on whether calculators are integrated into 
teacher training or not and thus trainees are likely to have significantly differing experiences 
according to which institution they attend. 
 
In addition, there seems to be a political fear that calculators may harm the acquisition of 
mathematical knowledge if they are introduced too soon (DfE, 2012). However, this view is at odds 
with long-term studies into calculators, which have indicated mainly positive relationships between 
both calculators and mental methods (Shuard., et al. 1991; Groves and Stacey, 1998) and calculators 
and written methods (Ellington, 2003). As disĐussed eaƌlieƌ, teaĐheƌs͛ ǀieǁs of ĐalĐulatoƌs ĐhaŶged 
over an extended period of time. This may be difficult for ITE providers to address because of the 
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periods of time required, particularly when one considers that the PGCE route takes only one year to 
complete. The stipulation that calculators cannot be used by children younger than Year 5 may also 
add to the negativity regarding calculators. More research may need to be undertaken into what 
tƌaiŶees͛ views on calculators actually are when they enter ITE so providers have a better 
understanding of how to address them.  
Concerns regarding calculators often centre around ͞the ďasiĐs͟. However, long-term studies have 
indicated that the reverse may be true; calculators can actually help to promote fundamental 
knowledge such as number sense (Shuard., et al. 1991; Groves and Stacey, 1998). In addition, 
calculators can help develop mathematical reasoning skills. Nevertheless, there is still ambiguity and 
confusion about what does constitute fundamental mathematical knowledge (Groves and Stacey, 
1998; DfE, 2012). Here, ITE providers can play a leading role in establishing greater consensus, which 
will hopefully have an impact on future curriculum changes.  
 
A common belief is that the calculator reduces time spent on computation; the payoff being that 
greater amounts of time can be spent on developing deeper understanding of mathematical ideas 
(Forrester, 2003; Polly, 2008). However, an obstacle to overcome is that the everyday use of a 
calculator is often for routine computations, making it difficult to convince people that calculators 
can stimulate mathematical thinking (Bright, et al., 1992). In the short term, giving trainees 
opportunities to engage in calculator activities should help them to understand the benefits of them. 
Longer term, research should be undertaken into which activities may provide greatest benefits; 
again though, this will require greater agreement about what constitutes fundamental mathematical 
understanding.  
 
Given the existing literature, and despite it pointing overwhelmingly in favour of calculators, it seems 
plausible that calculator use will diminish as a result of them being prohibited in the SATs (tests 
ĐoŶduĐted at the eŶd of a Đhild͛s pƌiŵaƌǇ sĐhool eduĐatioŶ in England). There is a strong belief that 
standardised testing has a substantial bearing on lesson content (Willoughby and Weinberg, 1991; 
Ellington, 2003) and thus reinstating a calculator paper could be a short-term solution. However, 
greater evidence may be required in order to embed their presence in primary schools. The aims of 
the new curriculum may provide such an opportunity. If more evidence can be gathered that 
indicates calculators can be used to create conceptual understanding then, potentially, the 
prohibition of calculators for younger children could be reversed.  
 
Of arguably even more fundamental importance is greater consensus with regard to what skills are 
fundamental for an effective mathematician; a consensus that should be based on robust research 
rather than political posturing. Then, it may be possible to reframe and clarify attitudes so 
calculators become known as a tool for problem solving and developing conceptual understanding; a 
resource that will augment rather than replace mental and written methods.  
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